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I.  INTRODUCTION 

Extensive evaluation of the measurement of heat input into a 105 mm 
M68 tank cannon has been done at BRL.1*2 The heat input was determined 
by measuring the change in temperature at four different radial positions 
in the tube wall at an axial distance of 641.4 mm from the rear face of 
the tube (RFT). The purpose of this test was to evaluate the total heat 
input of the M735 round at ambient C2940K) and elevated temperatures 
(3360K). The study was expanded to show the effect of position, technique 
of glue application, and type of wear reducing additive on the heat input. 
M392 and M490 rounds were also fired to correlate this test to previous 
testing. The heat input values have been applied to an empirical formula 
derived by Brosseau3 to infer an erosion rate. The measurements in this 
test were all made for the "worst case" situation for heat input. All 
measurement rounds were fired from a clean gun tube. The gun tube was 
pre-conditioned by firing M467 rounds before the measurement rounds to 
remove additive residue. It has been found that several additive rounds 
fired in succession are required to obtain minimum heat input values or 
"best case" situations.2 The limited number of M735 rounds available 
for this test precluded the firing of "best case" series. 

II.  EXPERIMENTAL PROCEDURES 

Heat transfer measurements were made in an M68 cannon with 77 per 
cent estimated remaining accuracy life.4 Four constantan wires, 0.13 mm 
diameter, were welded using a capacitive discharge technique to form 
constantan-gun steel thermocouples at 641.4 mm (RFT). The thermocouples 
were located over grooves at a position where vertical land diameter is 
measured to assess the remaining barrel life.5 The thermocouple locations 
are denoted below: 

T.  L.  Brosseau and J.  R.  Ward,   "Reduotion of Heat Transfer in 105 mm 
Tank gun by Wear-Reduaing Additives";  BRL-MR-2698,  Nov 1976. 
(AD #B015308L) 

2T.  L.  Brosseau and J.  R.   Ward*   "Measurement of the Heat Input into the 
105 mm M68 Tank Cannon Firing Rounds Equipped with With Wear-Reduaing 
Additives",  BRL-TR-02056,  Aprils   1978.   (AD #A056368) 

ZT.  L.  Brosseau, B.  B.   Grollman and J.  R.   Ward,   "Empiriaal Formula 
Correlating Erosion and Heat Transfer",  1979 JANNAF Propulsion Meeting, 
Anaheim,  CA,   Vol 1 pp 231-250, Marah 1979. 

4Based on star gaging data,  19 Oat 1979,  tube No.  24849. 

"Evaluation of Cannon Tubes", Dept of Army Teahnioal Manual,  TM-9- 
1000-202-35,  Nov 1969. 



Thermocouple No, 

1 
2 
3 
4 

3 
9 
6 

12 

Position 

O'clock 
O'clock 
O'clock 
O'clock 

Distance from 
Bore Surface (mm) 

0.73 
0.98 
1.37 
2.50 

Table 1 summarizes pertinent characteristics of the ammunition 
fired in the test series. The gluing of liners in the "as received" 
liner rounds consists of the application of an approximately 25 mm wide 
band of glue to the inside perimeter of the liner and applying the liner 
to the appropriate position inside the cartridge case. The reglued 
liners consist of application of the glue to the entire inside area of 
the liner as well as to the effected area of the case. The glue used in 
both applications was 3M adhesive No. EC 1099. The talc/wax and the 
Ti02/wax liners were approximately 375 mm long, 230 mm wide, and 1.5 mm 
thick for the below the neck applications. A right triangular portion 
of the liners, reducing the area by 6.4%, was removed for "at the neck", 
cases to prevent overlap. The average mass of the Ti02/wax liners was 
132 g and the average mass of the talc/wax liner was 141 g. The positions 
of the liners is shown in Figure 1. 

TjOj/WAX OR 
TALC/WAX 

Figure 1. Liners and Positions for M735 Rounds 
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The rounds were conditioned at a constant temperature of either 
294°K or 3360K for twenty-four hours prior to firing. The thermocouple 
responses were amplified using Newport 70 amplifiers and simultaneously- 
recorded on a Honeywell 96 analog tape recorder and a digital ballistic 
data acquistion system. 

III. ANALYSIS AND RESULTS 

The firing sequence is reported in Table 2. Using a calibration 
factor of 52 yV/K, the thermocouple outputs were compared to voltage 
calibration steps to determine the change in temperature. A typical 
temperature time plot obtained from the ballistic data acquistion system 
is shown in Figure 2. Using the method developed by T. L. Brosseau,8 it 
was possible to calculate the heat transferred to the gun tube. Three 
or more round replicates were fired for most modifications with temper- 
ature variations similar to those reported earlier.1'2 The greatest 
variation range in temperature for any thermocouple was 5K between 
rounds in a group. This range was seen in the thermocouple nearest the 
bore surface. The mean temperature of each thermocouple was used in 
plots of the products of temperature rise and radial distance to the 
thermocouple vs distance to the bore surface to compute heat input. 

105 MM HERT TRRNSFER ROUND:  19  PLOT: 

IDENT 298-19 
TEMPERRTURE M735 NO LINER 

TIME (MS) 

Figure 2. Temperature vs Time for Imbedded Thermocouples 

T,  L.  Brosseau,   "An Experimental Method of Aaourately Determining 
the Temperature Distribution and Beat Transferred in Gun Barrels"3 

BRL Report No.   1740  (1974).    (AD #B000171L) 
10 



Ident 

298-1 
298-2 
298-3 
298-4 
298-5 
298-6 
298-7 
298-8 
298-9 
298-10 
298-11 
298-12 
298-13 
298-14 
298-15 
298-16 
298-17 
298-18 
298-19 
298-20 
298-21 
298-22 
298-23 
298-24 
298-25 
298-26 
298-27 
298-28 
298-29 
298-30 
298-31 
298-32 
298-33 
298-34 
298-35 
298-36 
298-37 
298-38 
298-39 
298-40 
298-41 
298-42 
298-43 
298-44 
298-45 
298-46 

TABLE 2 

Round 

M392A2 
M467 
M392A2 
M467 
M735 
M467 
M735 
M467 
M735 
M467 
M392A2 
M467 
M392A2 
M467 
M735 
M467 
M735 
M467 
M735 
M735 
M467 
M735 
M735 
M735 
M467 
M467 
M467 
M735 
M467 
M735 
M467 
M735 
M467 
M735 
M467 
Tape Test 
M735 
M467 
Tape Test 
M735 
M467 
Tape Test 
M735 
Tape Test 
M467 
M735 

FIRING DATA 105 nun HEAT TRANSFER 

Liner    Position*    Purpose/Remarks 

Ti02 

Ti02 

Talc 

Talc 

Talc 

Ti02 

Ti02 

Ti02 

Ti02 

Talc 

Talc 

Talc 

Talc 

Talc 

Talc 

Ti02 

Ti02 

Talc 

Ti02 

TiO„ 

1 as RCD 

1 as RCD 

2 as RCD 

2 as RCD 

2 as RCD 

1 as RCD 

1 as RCD 

1 as RCD 

1 as RCD 

2 reglue 

2 reglue 

2 reglue 

1 reglue 

1 reglue 

1 reglue 

2 reglue 

2 reglue 

1 reglue 

1 reglue 

1 reglue 

Check out (Tape Malfunction) 
Clean out (Tape Malfunction) 
Check out 
Clean out 

Clean out 

Clean out 

Clean out 

Clean out 

Clean out 

Clean out 

Clean out 
No liner 

Clean out 

No liner 

Clean out (Tape Malfunction) 
Check out (Tape Malfunction) 
Check out 

Clean out 

Clean out 

Clean out 

Clean out 

Clean out 

3360K 
Clean out 

3360K 

Clean out 
3360K 

Position 1 and 2 shown in Figure 1, 

11 



TABLE 2; FIRING DATA 105 mm HEAT TRANSFER (Cont'd) 

Ident Round Liner Position* Purp ose/Remarks 

298-47 M467 Clean out 
298-48 M735 Ti02 1 reglue 3360K 
298-49 M467 Clean out 
298-50 M735 Ti02 2 reglue 3360K 
298-51 M467 Clean out 
298-52 M735 Ti02 2 reglue 3360K 
298-53 M467 Clean out 
298-54 M735 Talc 1 reglue 3360K 
298-55 M467 Clean out 
298-56 M392A2 Ti02 1 as RCD 3360K 
298-57 M467 Clean out 
298-58 M392A2 Ti02 1 as RCD 3360K 
298-59 M467 Clean out 
298-60 M392A2 Ti02 1 as RCD 3360K 
298-61 M467 Clean out 
298-62 M735 Ti02 1 as RCD 3360K 
298-63 M467 Clean out 
298-64 M735 Ti02 1 as RCD 3360K 
298-65 M467 Clean out 
298-66 M735 Ti02 2 reglue 
298-67 M467 Clean out 
298-68 M490 Ti02 

1 reglue 
298-69 M490 No Liner 
298-70 M490 Ti02 1 reglue 
298-71 M490 No Liner 
298-72 M490 Ti02 1 reglue 
298-73 M490 No Liner 
298-74 M392A2 Ti02 2 reglue 
298-75 M467 Clean out 
298-76 M392A2 Ti02 2 reglue 
298-77 M392 No Liner 
298-78 M392A2 Ti02 2 reglue No Flaps 
298-79 M392 No Liner 
298-80 M392A2 Ti02 2 reglue No Fli ips 
298-81 M392 No Liner 
298-82 M392A2 Ti02 2 reglue No Flaps 
298-83 M467 Clean out 
298-84 M735 Ti02 2 reglue 
298-85 M467 Clean out 
298-86 M735 Ti02 

2 reglue 
298-87 M467 Clean out 
298-88 M392A2 Ti02 

1 as RCD 
298-89 M467 Clean out 
298-90 M392A2 Ti02 1 as RCD 
298-91 M467 Clean out 
298-92 M392A2 Ti02 1 as RCD 

Positions 1 and 2 shown in Figure 1. 
12 



TABLE 2 

Ident Round 

298-93 M467 
298-94 M735 
298-95 M467 
298-96 M735 
300-1 M467 
300-2 M392A2 
300-3 M467 
300-4 M735 

FIRING DATA 105 mm HEAT TRANSFER (Cont'd) 

Liner    Position*    Purpose/Remarks 

Talc 

Talc 

Ti02 

TiCL 

2 reglue 

2 reglue 

2 reglue 

2 reglue 

Clean out 

Clean out 

Clean out 
No Flaps 
Clean out 

Several M392A2 rounds were fired to correlate this series of rounds 
with previous series of 105 mm firings. The effect of temperature con- 
ditioned rounds C294K vs 336K) was elucidated as well as the effect of 
substantially regluing the liners in the case. Table 3 shows the heat 
input results of the M392A2 rounds with comparison to previous tests, 
and the reduction caused by regluing the liners. 

TABLE 3.  HEAT TRANSFER - M392 ROUNDS 

Round 

M392A2 Standard Ti02 
M392 (No Liner) 
M392A2 Reglue Ti02 
M392A2 Standard TiO 

336K 

Heat Input 
CJ/mm) 

380 
451 
357 
388 

Heat Input 
REF-2 (J/mm) 

381 
449 

% Change from 
Standard Heat Input 

+ 19 
-6.1 
+2.1 

There was also a correlation made with reference 2 using M490 rounds 
without liners. The heat input measured in reference 2 was 471 J/mm and 
the heat input for this series was 476 J/mm. The glue effects for the 
M49.0 round can also be inferred. The M490 with a Ti02/wax liner had a 
heat input of 421 J/mm in reference 2, while a similar liner in the same 
position, but reglued, had a heat input of 404 J/mm fired in this series. 

The task of this investigation was to measure the heat input of the 
high loading density (6.05 kg M30) M735 round and recommend possible 
means of reduction of the total heat input. The possibilities of heat 
input reduction evaluated were types of wear reducing additives (Ti02 
and talc), two positions of the liners (Figure 2) and the effect of 
substantially gluing the liners in place.  It should be noted that sub- 
stantially gluing the liners increases the residue in the cartridge case. 

Positions 1 and 2 shovm in Figure 1. 

13 



Figure 3 illustrates the residue effect. Case No. 1 is "as received" 
M392 revealing no trace of glue or liner material post firing. The No. 
2 case in Figure 3 is an M735 that was reglued at the neck. There is 
glue residue and a small amount of liner residue. The No. 3 case in 
Figure 3 reveals a great deal more liner residue for the below the neck 
regluing in the M735 round. It is not surprising that the liner at the 
neck of the case would result in less residue because of increased com- 
bustion turbulence and flow velocity. It is somewhat surprising that 
the high residue reglued conditions would result in less heat input to 
the area of maximum erosion, since liner material left in the case does 
not work as wear reducing additive. This could be explained by the 
retention of the liner in the case resulting in more effective use of 
the liner during the entire combustion cycle. Perhaps more additive is 
applied to the bore instead of blowing the liner down tube. 

Table 4 summarizes the results of the M735 tests at 294K. The 
effects of types of liners, position and glue are revealed as a percent 
reduction of total heat input from the no liner condition. 

TABLE 4. M735 HEAT TRANSFER RESULTS 294K 

Position Heat Input 
Liner Type from Figure 1 (J/mm) % Reduction 

Without liner .. 477 - 

TiCh/wax* 1 431 10 
TiCb/wax (reglued) 2 375 21 
Talc/wax 2 393 18 
Talc/wax (reglued) 2 371 22 
Talc/wax (reglued) 1 381 20 

The M735 rounds were also evaluated at 336K.  The no liner condition 
was not fired due to expected excess wear. The percent reduction of heat 
input shown in Table 5 is based on the Ti02/wax liner condition which is 
the standard M735 with a wear reducing liner. It is interesting to note 
that the percent reduction of the two cases were not as high as the per- 
cent reductions for the same modification of 294K. This can be explained 

Standapd M735 round with wear reduoing additive. 

14 



Figure 3.    105 mm Cartridge Cases after Firing 

15 



by the reduced effectiveness of the wear reducing liner at elevated 
temperatures. The reduced effectiveness has been observed in other 
105 mm9 and 155 mm10 tests. 

TABLE 5. HEAT TRANSFER RESULTS 336K 

Position        Heat Input 
Liner Type       from Figure 1       (J/mm) % Reduction 

Ti02/wax* 1 438 
Ti02/wax reglued      1 • 410 6.4 
Ti02/wax reglued      2 398 9.1 

T. L. Brosseau derived an empirical formula that correlates heat 
transfer and muzzle velocity to gun tube wear.3 This method has proved 
quite accurate in predicting erosion rates for 105 ram firings that have 
full scale wear tests. However, as there have not been wear tests for 
the 105 mm gun with the M735 round, complete confidence in the empirical 
predictions is not possible. The predicted erosion rates for the M735 
rounds at the various initial conditions are given in Table 6. Table 
6 also contains an estimate of the wear life of the M68 gun for each 
M735 type based on a 1.91 mm (75 mil) condemnation wear criteria.11 The 
number of rounds used for the wear life in Table 6 does not include the 
clean out rounds that would be required to fire each of the M735 rounds 
in a clean gun tube. Although there is some uncertainty with the 
empirical erosion prediction, the two orders of magnitude difference in 
wear rate between the no liner and the talc wax cases are significant 
results. 

9P.  R.   Grepps,  "Component Development Test of Swedish Barret-Wear 
Reducing Additive for lOS-mm, M68t Ammunition Components",  DPS Report 
No.   838, March,  1963. 

10D.  S.  Downs and L.  E.  Harris,   "Relationship of Residue Formation to 
Was: Used in M203 Propelling Charge Liners",  Technical Report No. 
ARLCD-TR-79042,  December,  1979. 

Standard M735 round with wear reducing additive. 

11Research Test of Cannon, 105 mm, M68, Mechanism of Erosion,  TECOM 
Test Agency, Report No. APG-MT-5294,  September,  1979. 

16 



TABLE 6. PREDICTED EROSION RATES FOR M735 
(AT 641.4 mm RFT) 

Heat Input Wear/rd Condemnation 
Modification (J/mnO Cym) Limit (rounds) 

Without Liner 477 58.1 30 
Talc/wax; Position 2 393 1.5 1300 
Talc/wax; Position 2 371 .5 3820 
reglued 
Talc/wax; Position 1 381 .8 2390 
reglued 
Ti02/wax; Position 2 375 .6 3180 
reglued 
Ti02/wax; Position 2 398 2.3 830 
reglued; 336 K 
Ti02/wax; Position 1 410 4.0 480 
reglued; 336 K 
Ti02/wax; Position 1 438 14.0 140 
336 K* 
Ti02/wax; Position 1* 431 8.6 220 

Table 7 gives the predicted erosion rates for the rounds other than 
M735 based on heat input and muzzle velocity. These wear rates are 
compared to actual wear measurements for the rounds where actual star 
gage wear tests were made. 

TABLE 7.  PREDICTED VS ACTUAL EROSION RATE (AT 641.4 mm RFT) 

Measured Heat 
Round           Input (J/mra) 

M392 (No Liner) 451 
M392A2 Ti02 380 
M392A2 Ti02; reglued 357 
M392A2 Ti02; 336 K 388 
M490 (No Liner) 476 
M490; Ti02; reglued 404 

Predicted Actual 
Wear/rd (ym) Wear/rd (ym)** 

20.2 18.0 
0.8 1.07 
0.2 - 

1.4 - 
56.3 - 
2.5 - 

Standard M735 round with wear reducing additive. 
^ 

Reference 9. 

17 



IV. CONCLUSIONS 

1. Heat transfer in the M68 tank cannon is reduced by wear-reducing 
additives. 

2. The reduction in heat transfer is a strong function of the location 
and gluing technique of the wear reducing liner. 

3. Regluing the liner of the M392 round with a substantial amount of 
glue further reduces the heat input to the gun tube. 

4. The present position of the liner in the M735 results in an unneces- 
sarily high and unacceptable heat input. The immediate solution to wear 
in the M735 round is to move the wear reducing liner to 25.4 mm from the 
neck of the case. 

5. Further reduction in cannon wear can be anticipated by changing the 
method of gluing the liner in the case. Substantial gluing techniques 
have a significant effect on heat input to the gun tube. However, there 
will have to be consideration made for residue in the cartridge case if 
the gluing technique is changed. 

6. The study of the M735 rounds should be expanded to determine the 
minimum heat input by firing several M735 rounds in succession. The 
question of secondary wear should also be addressed with liners near 
the neck of the case. It is believed that reducing erosion at the origin 
of rifling also reduces secondary wear, but this should be verified with 
a second series of thermocouples at the area of maximum secondary wear. 

18 



REFERENCES 

1. T. L. Brosseau and J. R. Ward, "Reduction of Heat Transfer in 105 mm 
Tank Gun by Wear-Reducing Additives", BRL MR 2698, Nov 1976. 
(AD #B015308L) 

2. T. L. Brosseau and J. R. Ward, "Measurement of the Heat Input into 
the 105 mm M68 Tank Cannon Firing Rounds Equipped with Wear-Reducing 
Additives", BRL-TR-02056, April, 1978. (AD #A056368) 

3. T. L. Brosseau, B. B. Grollman and J. R. Ward, "Empirical Formula 
Correlating Erosion and Heat Transfer", 1979 JANNAF Propulsion 
Meeting, Anaheim, CA, March 1979. 

4. Based on star gaging, 19 Oct 1979, tube No. 24849. 

5. "Evaluation of Cannon Tubes", Dept of Army Technical Manual, TM-9- 
1000-202-35, Nov 1969. 

6. "Artillery Ammunition Master and Reference Chart", TEC0M Report No. 
1375, Nineteenth Revision, June 1978. 

7. Private communication with J. 0. Pilcher, BRL, September 1979. 

8. T. L. Brosseau, "An Experimental Method of Accurately Determining 
the Temperature Distribution and Heat Transferred in Gun Barrels", 
BRL Report No. 1740 (1974). (AD #B000171L) 

9. P. R. Grepps, "Component Development Test of Swedish Barrel-Wear 
Reducing Additive for 105-mm, M68, Ammunition Components", DPS 
Report No. 838, March, 1963. 

10. D. S. Downs and L. E. Harris, "Relationship of Residue Formation to 
Wax Used in M203 Propelling Charge Liners", Technical Report No. 
ARLCD-TR-79042, December, 1979. 

11. Research Test of Cannon, 105 mm, M68, Mechanism of Erosion, TECOM 
Test Agency, Report No. APG-MT-5294, September, 1979. 

19 



DISTRIBUTION LIST 

No. of 
Copies 

12 

Organization 

Commander 
Defense Technical Info Center 
ATTN:  DDC-DDA 
Cameron Station 
Alexandria, VA 22314 

Director of Defense Research 
and Engineering 

ATTN:  R. Thorkildsen 
The Pentagon 
Arlington, VA 20301 

Director 
Defense Advanced Research 

Projects Agency 
ATTN:  Dir, Materials Div 
1400 Wilson Boulevard 
Arlington, VA 22209 

HQDA (DAMA-ARZ; DAMA-CSM; 
DAMA-WSW) 

Washington, DC 20301 

Commander 
US Army Materiel Development 

and Readiness Command 
ATTN:  DRCDMD-ST 
5001 Eisenhower Avenue 
Alexandria, VA 22333 

Commander 
US Army Armament Research 

and Development Command 
ATTN:  DRDAR-TSS 
Dover, NJ 07801 

Commander 
US Army Armament Research 

and Development Command 
ATTN:  FC 5 SCWSL, D. Gyorog 

H. Kahn 
B. Brodman 
S. Cytron 
T. Hung 

Dover, NJ 07801 

No. of 
Copies Organization 

Commander 
US Army Armament Research 

and Development Command 
ATTN:  DRDAR-LC, J. Frasier 

H. Fair 
J. Lannon 
A. Bracuti 
A. Moss 
R. Walker 

Dover, NJ 07801 

Commander 
US Army Armament Research 

and Development Command 
ATTN:  DRDAR-LC, J. Picard 

D. Costa 
E. Barrieres 
R. Corn 
K. Rubin 
J. Houle 

Dover, NJ 07801 

Commander 
US Army Armament Research 

and Development Command 
ATTN:  DRDAR-LC, E. Wurzel 

K. Russell 
D. Downs 
R. L. Trask 

Dover, NJ 07801 

Commander 
US Army Armament Research 

and Development Command 
ATTN:  DRDAR-QA, J. Rutkowski 
Dover, NJ 07801 

Commander 
US Army Armament Materiel 

Readiness Command 
ATTN:  DRSAR-LEP-L, Tech Lib 
Rock Island, IL 61299 

21 



DISTRIBUTION LIST 

No. of 
Copies Organization 

5 Director 
US Army ARRADCOM 
Benet Weapons Laboratory 
ATTN: I. Ahmad 

T. Davidson 
J. Zweig 
G. Friar 
DRDAR-LCB-TL 

Watervliet, NY 12189 

5 Director 
US Army ARRADCOM 
Benet Weapons Laboratory 

No. Of 
Copies 

I 

ATTN; J. 
W. 
R. 
R. 
J. 

Busuttil 
Austin 
Montgomery 
Billington 
Santini 

Watervliet, NY 12189 

Commander 
US Army Aviation Research 

and Development Command 
ATTN:  DRSAV-E 
P. 0. Box 209 
St. Louis, MO 63166 

Director 
US Army Air Mobility Research 

and Development Laboratory 
Ames Research Center 
Moffett Field, CA 94035 

Commander 
US Army Research & Technology 

Laboratories 
ATTN:  R. A. Langsworthy 
Fort Eustis, VA 23604 

Commander 
US Army Communications Rsch 

and Development Command 
ATTN:  DRDCO-PPA-SA 
Fort Monmouth, NJ 07703 

Organization 

Commander 
US Army Electronics Research 

and Development Command 
Technical Support Activity 
ATTN: DELSD-L 
Fort Monmouth, NJ 07703 

1 Commander 
US Army Missile Command 
ATTN:  DRSMI-R 
Redstone Arsenal, AL 35809 

1 Commander 
US Army Missile Command 
ATTN:  DRSMI-YDL 
Redstone Arsenal, AL 35809 

1 Commander 
US Army Tank Automotive 

Research fj Development Cmd 
ATTN:  DRDTA-UL 
Warren, MI 48090 

1 President 
US Army Armor § Engineer Bd 
Fort Knox, KY 40121 

1 Project Manager, M60 Tanks 
US Army Tank & Automotive Cmd 
28150 Dequindre Road 
Warren, MI 48090 

4 Project Manager 
Cannon Artillery Weapons Sys 
ATTN:  DRCPM-CAWS 
US Army Armament Research 

and Development Command 
Dover, NJ 07801 

2 Project Manager - M110E2 
ATTN: J. Turkeltaub 

S. Smith 
Rock Island, IL 61299 

22 



DISTRIBUTION LIST 

No. of 
Copies Organization 

Project Manager - XM1 Tank 
US Army Tank Automotive 

Development Command 
28150 Dequindre Road 
Warren, MI 48090 

Project Manager - XM1 Tank 
Main Armament Dev Div 

Dover, NJ 07801 

No. of 
Copies 

1 

Project Manager - 
Dover, NJ 07801 

ARGADS 

1 Commander 
US Army DARCOM Materiel 

Readiness Support Activity 
ATTN:  DRXMD-ED 
Lexington, KY 40511 

2 Director 
US Army Materials and 
Mechanics Research Center 

ATTN: J. W. Johnson 
K. Shepard 

Watertown, MA 02172 

3 Director 
US Array Research Office 
ATTN:  P. Parrish 

E. Saibel 
D. Squire 

P. 0. Box 12211 
Research Triangle Park 
NC 27709 

1 Commander 
US Array Air Defense Center 
ATTN:  ATSA-SM-L 
Fort Bliss, TX 79916 

1 Commander 
US Army Armor Center 
ATTN:  ATZK-XM1 
Fort Knox, KY 40121 

Organization 

Director 
US Army TRADOC Systeras 
Analysis Activity 

ATTN: ATAA-SL, Tech Lib 
White Sands Missile Range 
NM 88002 

1 Commander 
US Array Field Artillery School 
ATTN: J. Porter 
Fort Sill, OK 73503 

5 Commander 
Naval Surface Weapons Center 
ATTN: M. Sharablen 

J. O'Brasky 
C. Smith 
L. Russell 
T. W. Smith 

Dahlgren, VA 22448 

2 Commander 
Naval Ordnance Station 
ATTN:  L. Dickinson 

S. Mitchell 
Indian Head, MD 20640 

1 Commander 
Naval Ordnance Station, 

Louisville 
ATTN:  F. Blume 
Louisville, KY 40202 

2 AFATL (D. Uhrig, 0. Heiney) 
Eglin AFB, FL 32542 

1 National Bureau of Standards 
Materials Division 
ATTN:  A. W. Ruff 
Washington, DC 20234 

1 National Science Foundation 
Materials Division 
Washington, DC 20550 

23 



DISTRIBUTION LIST 

No. of 
Copies Organization 

1 Battelle Columbus Laboratory 
ATTN:  G. Wolken 
Columbus, OH 43201 

1 Lawrence Livermore Laboratory 
ATTN: J. Kury 
Livermore, CA 94550 

1 Director 
Chemical Propulsion Info Agency 
Johns Hopkins University 
ATTN: T. Christian 
Johns Hopkins Road 
Laurel, MD 20810 

1 Princeton University 
Forrestal Campus Library 
ATTN: Tech Lib 

B. Royce 
P. 0. Box 710 
Princeton, NJ 08540 

1 Purdue University 
School of Mech Engineering 
ATTN: J. R. Osborn 
W. Lafayette, IN 47909 

1 SRI International 
Materials Research Center 
333 Ravenswood Avenue 
Menlo Park, CA 94025 

No. of 
Copies 

1 

Organization 

University of Illinois 
Dept of Aeronautics and 
Aerospace Engineering 

ATTN: H. Krier 
Urbana, IL 61803 

Aberdeen Proving Ground 

Graves, Bldg. 400 
Barnhardt, Bldg. 400 
Jones, Bldg. 400 
Moody, Bldg. 525 

Dir,, USAMTD 
ATTN:  H. 

L. 
K. 
R. 

Cdr, USATECOM 
ATTN:  DRSTE-FA 

DRSTE-AR 
DRSTE-AD 
DRSTE-TO-F 

Dir, USAMSAA 
ATTN:  DRXSY-D 

DRXSY-MP, H. Cohen 
D. Barnhardt, RAM Div 
G. Alexander, RAM Div 
Air Warfare Div 
Ground Warfare Div 
RAM Division 

Dir, USACSL, Bldg. E3516 
ATTN:  DRDAR-CLB-PA 

24 



USER EVALUATION OF REPORT 

Please take a few minutes to answer the questions below; tear out 
this sheet and return it to Director, US Army Ballistic Research 
Laboratory, ARRADCOM, ATTN:  DRDAR-TSB, Aberdeen Proving Ground, 
Maryland 21005.  Your comments will provide us with information 
for improving future reports. 

1. BRL Report Number  

2. Does this report satisfy a need?  (Comment on purpose, related 
project, or other area of interest for which report will be used.) 

3.  How, specifically, is the report being used?  (Information 
source, design data or procedure, management procedure, source of 
ideas, etc.) 

4.  Has the information in this report led to any quantitative 
savings as far as man-hours/contract dollars saved, operating costs 
avoided, efficiencies achieved, etc.?  If so, please elaborate. 

5.  General Comments (Indicate what you think should be changed to 
make this report and future reports of this type more responsive 
to your needs, more usable, improve readability, etc.) 

6.  If you would like to be contacted by the personnel who prepared 
this report to raise specific questions or discuss the topic, 
please fill in the following information. 

Name: 

Telephone Number: 

Organization Address: 


